Background
Disseminated histoplasmosis is often seen in immunocompromised hosts [1] . Sporadic and inherited forms of Common variable immunodeficiency (CVID), is classically described as hypogammaglobulinemia from B cell defects predisposing to recurrent bacterial sinopulmonary infections. Abnormalities in T cells and antigen presenting cells have also been rarely reported [2] [3] [4] . Literature on disseminated histoplasmosis in patients with CVID is sparse [3, [5] [6] [7] [8] [9] . We describe a patient with CVID who presented with disseminated histoplasmosis. We reviewed the literature on T cell defects in CVID that predispose to disseminated histoplasmosis.
Case presentation
A 35 year old man with common variable immune deficiency (CVID) on monthly maintenance intravenous immunoglobulin (IVIG) infusions, was admitted to an outside hospital during the summer with fever, headache, and progressive shortness of breath over a month. He was compliant with monthly IVIG infusions with the most recent dose administered a week prior to the onset of symptoms. Past medical history included asthma, hypertension and depression. He lived in Missouri, never travelled outside of United States. Six weeks before presentation he swam in the Tennessee River. He smoked 1.5 packs of cigarettes per day for 20 years, occasionally consumed alcohol and smoked marijuana. His son also had CVID, but no other family members had known immune-deficiencies. Long ago, he was a construction worker, but he is presently disabled. On exam, he was febrile, tachycardic and had left maxillary sinus tenderness, but otherwise exam was reported as normal. White blood cell (WBC) count was 1. , Cytomegalovirus polymerase chain reaction (CMV-PCR) and monospot were negative. Bone marrow biopsy showed pancytopenia, but no blasts or organisms (acid fast and Giemsa stains). After 5 days, pancytopenia and fever persisted, micafungin was added and patient was transferred to our facility. At admission to our facility, he was dyspneic, temperature 39.4°C, heart rate 118/min and oxygen saturation (SpO 2 ) 93% on nasal oxygen at 11 L/min. Abdominal exam revealed a firm non-tender massive splenomegaly (left upper quadrant to right iliac fossa); chest exam revealed bilateral crackles in lower lung fields. There was no rash, lymphadenopathy, meningeal signs or focal neurologic deficits. WBC 1.94 × 10 /μL, prothrombin time 18.4 s, serum electrolytes and renal function tests were normal, serum aspartate aminotransferase (AST) 60 U/L, total protein 5.0 g/dL, albumin 2.5 g/ dL and rest of liver function tests were normal. C-reactive protein was elevated (12.4 mg/dL) and plasma procalcitonin (bioMerieux VIDAS B.R.A.H.M.S PCT) was 1.46 ng/mL. Lactate dehydrogenase(LDH) was 476 U/L and serum ferritin 3016 ng/mL. Blood smear showed atypical lymphocytes and pancytopenia with toxic granulation of neutrophils. Chest x-ray ( Fig. 1) showed linear reticular opacities extending from hila to periphery. A subsequent CT chest, abdomen and pelvis (Fig. 2) revealed extensive bilateral confluent alveolar opacities with sub pleural sparing, moderate left and small right pleural effusions, multiple pre-and para-tracheal lymph nodes and massive splenomegaly (27.5 cm craniocaudal). Blood cultures(bacterial, acid fast bacilli and fungal) were sent. Human Immunodeficiency Virus (HIV) 1,2 antigenantibody and urine Legionella antigen were negative. Urinalysis was normal. Serum beta-D-glucan, cryptococcal antigen, and serum and urine for Histoplasma and Blastomyces antigens were sent. He was treated empirically with intravenous vancomycin, piperacillin-tazobactam and doxycycline (tick season). The next day (day 2), he required transfer to the intensive care unit for worsening hypoxemia and was started on empiric liposomal amphotericin B. Lumbar puncture was performed and cerebrospinal fluid analysis was essentially normal. A nasal endoscopic exam did not show findings consistent with invasive fungal disease. On day 3, serum beta-D glucan returned elevated (493 pg/mL), and Histoplasma antigen in serum (2.68 ng/mL) and urine (7.42 ng/mL) returned positive. He became afebrile within the next 48 h and hypoxemia improved. By day 6, he was switched to oral itraconazole 200 mg three times daily and discharged home with a plan to treat for at least one year. Fungal blood cultures sent on day 1 grew Histoplasma capsulatum on day 19. After 2 months, he had improved clinically, blood cell counts had improved to baseline and itraconazole levels were adequate. After 5 months, splenomegaly resolved; after 10 months he had gained weight (from 81 kg to 93 kg) and was symptom free. After 12 months urine Histoplasma antigen was negative and itraconazole was stopped.
Discussion
Histoplasma capsulatum is a dimorphic fungus, existing as a mold in the environment at 25-30°C and yeast at 37°C in tissues (intracellular in macrophages). Histoplasmosis is endemic in Mississippi and Ohio river valleys, with moist soil containing large amounts of bird or bat guano containing large amounts of the organism [10] . Exposure often occurs during occupational and recreational activities in endemic areas that involve inhalation of dust laden with spores [11] [12] [13] . Most infections in the immunocompetent hosts are asymptomatic or result in mild pulmonary disease [14] . Cell mediated immunity is required to control infection [10] . Patients with primary or acquired defects in cell-mediated immunity are at risk for disseminated histoplasmosis with severe manifestations such as septic shock, acute respiratory distress syndrome and multi organ failure [1, 10] . Other manifestations of disseminated histoplasmosis include hepatosplenomegaly, mucosal ulcers, cutaneous lesions, gastrointestinal involvement, pancytopenia and elevated AST, ALT, LDH and serum ferritin levels [10, 14] . Our patient had elevated LDH, ferritin, pancytopenia and massive splenomegaly. Radin studied CT findings in 16 patients with disseminated histoplasmosis (14 infected with HIV), six (37.5%) had splenomegaly, of which 3(18.8%) had massive splenomegaly ranging from 22 to 26 cm [15] .
CVID is the most common primary immunodeficiency with primary defect in B-cell maturation leading to hypogammaglobulinemia [4] . In addition, defects in T cells and antigen presenting cells have been reported [4] . Varying combination of these defects result in different immunological and clinical phenotypes [4] . For both inherited and sporadic forms, diagnosis is based on set criteria: hypogammaglobulinemia plus any one of: decreased IgM or IgA isotypes, onset > 2 years Fig. 1 . Chest x-ray at admission. 
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IDCases 10 (2017) [105] [106] [107] of age, absent iso-hemagglutinins and/or poor response to vaccines; and exclusion of other causes of hypogammaglobulinemia [4, 16] . While replacing IgG confers immunity towards bacterial infections, defects in cell mediated immunity may predispose CVID patients to granulomatous inflammation and autoimmunity [17] . Splenomegaly in CVID has been attributed to the lower number of T regulatory cells resulting in chronic and ineffective/nonselective activation of T cells with inverse CD4/CD8 ratios and polyclonal expansion of large granular lymphocytes [18] [19] [20] . This abnormal T cell activation has been linked to the risk of disseminated histoplasmosis in this population [3] . In our case, as splenomegaly improved with antifungal therapy, it is likely a manifestation of disseminated histoplasmosis as a result of such abnormal T cell regulation in CVID. The case presented here adds to the evidence and discussion about the existence of T cell defects in CVID, predisposing hosts to pathogens that require cell mediated immunity to contain or prevent disease, such as histoplasmosis.
Conclusion
Disseminated histoplasmosis can occur in CVID due to cell mediated immune defects that result in abnormal T cell activation. Further research is needed to conclusively add disseminated histoplasmosis to the list of infections that can occur in CVID.
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